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Summary
Objective: The objective of this study was to provide a Trinidadian perspective on pediatric
community-acquired and hospital-acquired bacteremia via the documentation of common
etiologic agents, antimicrobial profiles of the isolated pathogens, and patient outcome.
Methods: This was a six-year retrospective study of children with bacteremia admitted to the
pediatric wards of the San Fernando General Hospital, Trinidad.
Results: Seven hundred and four episodes of pediatric bacteremia were reviewed during the six-
year study period. The predominant isolate was Staphylococcus aureus (23.9%), followed by
Pseudomonas aeruginosa (15.5%), Klebsiella pneumoniae (12.5%), and Enterobacter spp (11.1%).
The remaining isolates each accounted for less than 10% of total isolates. The mortality rate was
highest for P. aeruginosa (39.4%), Streptococcus pneumoniae (22.5%), and Escherichia coli
(19.2%). Of the six cases due to Neisseria meningitidis, only two survived. The overall mortality
rate for the study period was 15.1%, but varied considerably according to age. All deaths due to
P. aeruginosa and E. coli occurred in neonates. Almost 90% and about half of all S. aureus were
resistant to ampicillin and erythromycin, respectively; nineteen (11.3%) were methicillin-
resistant. More than 95% of K. pneumoniae and more than 87% of Haemophilus influenzae were
resistant to ampicillin. Group B streptococci were fully susceptible to ampicillin and amoxicillin—
clavulanic acid, but showed >90% and >70% resistance to tetracycline and trimethoprim-
sulfamethoxazole, respectively. Of the 40 strains of S. pneumoniae isolated, 10.0% had a
minimum inhibitory concentration (MIC) 4 mg/mL (resistance) and 12.5% had a MIC = 2.0 mg/
mL (intermediate resistance) to ceftriaxone, while 7.5% showed intermediate resistance (MIC
between 0.12 and 1 mg/mL) and 25.0% showed resistance (MIC 2 mg/mL) to penicillin.
Conclusion: The bacteremia rate was found to be 8.4% among hospitalized children suspected of
having sepsis and from whom a blood culture was positive. Bacteremia was also associated with a
high mortality rate of 15.1%. An unusually high level of bacteremia with Gram-negative enteric* Corresponding author. Mailing address: PO Box 371, Curepe Post Office, Curepe, Trinidad and Tobago, West Indies. Tel.: +868 645 2640 9;
fax: +868 663 3797.
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bacteria was seen, which might indicate cross infection and reflect a breakdown in infection
control measures. Relatively high-level resistance of S. pneumoniae to penicillin and ceftriaxone
was not seen, even though the overall prevalence of resistance to other antibiotics among other
pathogens was relatively low. The drugs that showed the greatest efficacy were imipenem,
gentamicin, ciprofloxacin, and the cephalosporins ceftazidime and ceftriaxone.
# 2006 International Society for Infectious Diseases. Published by Elsevier Ltd. All rights
reserved.Introduction
Bacterial isolation from blood specimens is often associated
with high morbidity and mortality, particularly among chil-
dren.1—3 Many studies on the incidence of blood stream
infections have shown an increased occurrence over the past
15—20 years due to the increasingly vulnerable patient
population being admitted to hospitals.1,4 Patients at parti-
cular risk for bacteremia include those less than five years of
age,1,5 those with severe underlying disease,6—9 the mal-
nourished,10 and those with severe burns and admission to an
intensive care unit.11—13 The majority of pediatric bacter-
emia cases are caused by a number of common pathogens
that include Streptococcus pneumoniae, group B strepto-
cocci (GBS), Haemophilus influenzae, Escherichia coli, Pseu-
domonas aeruginosa, Klebsiella pneumoniae, Staphylococcus
aureus, and Enterobacter spp,1,4,7,14 and the predominant
etiologic agent may vary from one geographical area to
another, and even within a given area.6,7,12,13 Different
organisms may have different antimicrobial susceptibilities
and successful treatment is dependent upon the prompt
administration of the correct drug.8,14 There is at present
a scarcity of Trinidadian and regional data on bacteremia in
pediatric patients.
The present study was undertaken to provide a Trinidadian
perspective to bacteremia by documenting the distribution
of organisms responsible for episodes of bacteremia in chil-
dren admitted to the San Fernando General Hospital. Parti-
cular emphasis was placed on the underlying diagnosis of both
community-acquired and hospital-acquired bacteremia, the
suspected source of infection, risk factors, and outcome.
Through the antimicrobial profile, the study provides a
rational basis for empiric choices of drugs in suspected cases
of bacteremia while awaiting results of blood culture.
Patients and methods
Study population
All children from birth to 12 years of age, admitted to the
pediatric wards of San Fernando General Hospital from Jan-
uary 1, 1997 to December 31, 2002 were eligible for the
study. The San Fernando General Hospital is a 650-bed ter-
tiary teaching hospital with a daily census of about 800 and a
monthly admission rate of about 1800 patients. The hospital
serves the southern area of the country that has a population
of approximately 410 000 people; the total population of the
country is about 1.3 million. Trinidad is 4828 square kilo-
meters in area and is the larger of the twin island republic,
Trinidad and Tobago, located about 11 kilometers off the
northern coast of Venezuela in South America.Case studies
Case records of all hospitalized children whose blood cultures
grew any organisms during the study period were reviewed
retrospectively. There are four pediatric wards (two surgical
and two medical) with 128 beds divided among them. The
neonatal unit has 40 beds. Records were kept of patient age,
sex, weight, duration of hospital stay, working diagnosis, and
previously diagnosed underlying illness. Also recorded were
the results of each positive blood culture and specimens
taken from other body sites at the same time as the blood
culture. White blood cell (WBC) and differential cell counts,
highest body temperature on the day the blood culture was
taken, and antimicrobial therapy before and after blood
culture results were known, were also recorded.
Blood culture
A positive blood culture was considered significant if the
same organism was isolated from another specimen source
from the same patient or if the blood isolate was compatible
with the clinical diagnosis. Isolated organisms such as
Neisseria meningitidis, H. influenzae, S. pneumoniae, GBS,
E. coli and other Gram-negative bacilli of the Enterobacter-
iaceae family, viridans streptococci, S. aureus, and P. aeru-
ginosa were considered significant. Organisms were
considered contaminants if they were only isolated from a
single blood culture and the patient recovered without being
treated with any antimicrobial agents by the physician.
Bacillus spp, diphtheroids, and coagulase-negative staphy-
lococci were among organisms often considered as contami-
nants and these cases were not included in the study.
The pediatrician took blood specimens for culture after
sterilizing the skin with 70% alcohol and then with 10%
povidone iodine solution. One to three milliliters venous
blood was taken from the patient and inoculated into an
aerobic blood culture bottle (Bactec Peds Plus/F, Becton
Dickinson, Microbiology Systems, Cockeysville, Maryland,
USA). No note was taken as to whether the above aseptic
measures were strictly adhered to in every sample taken. All
cultures were checked daily for cloudiness, hemolysis, and
gas production. Sepsis was defined according to the recom-
mendations of Bone et al.15
Organisms were identified via standard microbiological
techniques and susceptibility testing was evaluated using
the disc diffusion methods according to the guidelines of
the National Committee for Clinical Laboratory Standards
(NCCLS).16 The following antibiotics and concentrations (in
brackets) were used: ampicillin (10 mg), amoxicillin—clavu-
lanic acid (20/10 mg), tetracycline (30 mg), erythromycin
(15 mg), cefuroxime (30 mg), imipenem (10 mg), ceftriaxone
(30 mg), ceftazidime (30 mg), vancomycin (30 mg), gentami-
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prim—sulfamethoxazole) (1.25/23.75 mg), penicillin (10 U).
Penicillin, oxacillin, and ceftriaxone were specifically tested
against S. pneumoniae. Minimum inhibitory concentrations
(MICs) were done by the local branch of PAHO, the Caribbean
Epidemiological Center, according to NCCLS guidance and
interpretative criteria.17 Penicillin resistance was defined as
a MIC2.0 mg/mL, and relative or intermediate resistance as
a MIC between 0.1 and 1.0 mg/mL. For ceftriaxone, full
resistance was defined as a MIC 4 mg/mL, and a
MIC = 2 mg/mL as intermediate resistance. Statistical analy-
sis was done using the Chi-squared test.18 S. pneumoniae
strain ATCC 49619 and S. aureus ATCC strain 25923 were used
as control organisms.
Results
During the six-year study period, 63 012 patients were
admitted to the pediatric wards of the San Fernando General
Hospital. We excluded 25 583 who were admitted electively
or for observation after minor trauma, and 12 079 for whom
complete data were missing. Of the remaining 25 350 chil-
dren included in the study, 14 526 (57.3%) were under two
years of age, 7478 (29.5%) were between two and five years,
and 3346 (13.2%) were over five years old. The ratio of boys to
girls was 1.6:1. A total of 8366 (33.0%) blood cultures from
suspected cases of sepsis were processed, of which 957
(11.4%) were positive for bacterial growth. Organisms grown
from 253 patients were considered as contaminants; the
remaining 704 were documented to have true bacteremia.
Repeated isolation of the same organism from the same
patient was considered as one isolate. There was no poly-
microbic bacteremia.
A variety of pathogens were isolated from the patients;
Gram-negative organisms were responsible for 432 cases
(61.4%) of bacteremia and Gram-positive bacteria for 272
cases (38.6%) (Table 1). P. aeruginosa and members of theTable 1 Distribution of bacterial species isolated from the blood
Bacteria Age group
Neonates
n (%)
1 month—2 year
n (%)
Staphylococcus aureus 47 (14.5) 15 (10.1)
Pseudomonas aeruginosa 76 (23.4) 28 (19.0)
Klebsiella pneumoniae 69 (21.2) 16 (10.8)
Enterobacter spp 57 (17.5) 15 (10.1)
Haemophilus influenzae 0 9 (6.1)
Group B streptococci 20 (6.2) 34 (23.0)
Streptococcus pneumoniae 1 (0.3) 8 (5.4)
Escherichia coli 14 (4.3) 11 (7.4)
Non-typhoidal salmonella 1 (0.3) 7 (4.7)
Acinetobacter spp 18 (5.5) 0
Citrobacter spp 10 (3.1) 0
Neisseria meningitidis 0 0
Others * 12 (3.7) 5 (3.4)
Total 325 (100) 148 (100)
* Others = Proteus mirabilis (3); Providencia spp (5); Serratia marcesc
(2).Enterobacteriaceae were recovered primarily from neo-
nates. Although S. pneumoniae, H. influenzae, and non-
typhoidal salmonella were detected among all age groups,
they were isolated predominantly from children within the
>2—5 years age group. S. aureus was also seen among all age
groups, but recovery was mainly within the >5—12 years age
group. The main cause of bacteremia was S. aureus (23.9%)
followed by P. aeruginosa (15.5%), and K. pneumoniae
(12.5%). The remaining isolates each accounted for less than
10% of bacteremia cases.
Gram-negative organisms predominated in both hospital-
acquired (65%) and community-acquired infections (55%)
(Table 2), and the most common causes of bacteremia in
community-acquired and hospital-acquired infections were
H. influenzae and S. aureus, respectively. The highest mor-
tality was due to P. aeruginosa (39.4%), S. pneumoniae
(22.5%), and E. coli (19.2%). Although S. aureus was the most
common cause of bacteremia its importance as a cause of
death was clearly lower with a case fatality rate of 13.1%,
when compared with P. aeruginosa (39.4%) ( p < 0.001). Of
the six children with bacteremia due to N. meningitidis, only
two survived.
The primary source of bacteremia among children is
shown in Table 3. Most isolates were recovered from respira-
tory specimens of patients on ventilators, those with pneu-
monia, ear and sinus infections, and the nasal passageways in
those infants being evaluated for sepsis; this was followed by
infected wounds, urine, GIT and skin including intravascular
lines. S. aureus was the only organism recovered from all
sites, and was the most common isolate from surgical and
burn wounds, decubitus ulcers, and boils. GBS, S. pneumo-
niae, H. influenzae, Acinetobacter spp, and Citrobacter spp
were also primarily from the respiratory tract. The source of
non-typhoidal salmonella was from stool of patients with
chronic diarrhea. The source of 24 cases of bacteremia listed
as ‘unknown’ could not be correctly identified.
The antibiotic susceptibility patterns of bacterial isolates
are shown in Table 4. Approximately 90% of, and almost halfof children at the San Fernando General Hospital, 1997—2002
Total %
s >2—5 years
n (%)
>5—12 years
n (%)
18 (16.2) 88 (73.3) 168 23.9
5 (4.5) 0 109 15.5
3 (2.7) 0 88 12.5
6 (5.4) 0 78 11.1
38 (34.2) 18 (15.0) 65 9.2
3 (2.7) 0 57 8.1
25 (22.5) 6 (5.0) 40 5.7
0 1 (0.8) 26 3.7
11 (10.0) 1 (0.8) 20 2.8
0 0 18 2.5
0 0 10 1.4
0 6 (5.0) 6 0.9
2 (1.8) 0 19 2.7
111 (100) 120 (100) 704 100
ens (2); viridans streptococci (5); enterococci (2); Alcaligenes spp
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Table 2 Case fatality ratio and distribution of bacterial species isolated from blood of children at the San Fernando General
Hospital, 1997—2002
Bacteria Community-acquired Hospital-acquired Total died CFR
n (%) No. died n (%) No. died
Staphylococcus aureus 53 (27.6) 4 115 (22.5) 18 22 13.1
Pseudomonas aeruginosa 4 (2.1) 0 105 (20.5) 43 43 39.4
Klebsiella pneumoniae 7 (3.6) 1 81 (15.8) 11 12 13.6
Enterobacter spp 10 (5.2) 1 68 (13.2) 5 6 7.7
Haemophilus influenzae 60 (31.3) 2 5 (1.0) 0 2 3.1
Group B streptococci 0 — 57 (11.1) 3 3 5.3
Streptococcus pneumoniae 33 (17.2) 8 7 (1.4) 1 9 22.5
Escherichia coli 4 (2.1) 0 22 (4.3) 5 5 19.2
Non-typhoidal salmonella 15 (7.8) 0 5 (1.0) 0 0 —
Acinetobacter spp 0 0 18 (3.5) 0 0 —
Neisseria meningitidis 6 (3.1) 4 0 0 4 66.7
Citrobacter spp 0 0 10 (2.0) 0 0 —
Others * 0 0 19 (3.7) 0 0 —
Total 192 20 512 86 106 15.1
CFR, case fatality ratio.
* Others = Proteus mirabilis (3); Providencia spp (5); Serratia marcescens (2); viridans streptococci (5); enterococci (2); Alcaligenes spp
(2).of all S. aureuswere resistant to ampicillin and erythromycin,
respectively, while resistance to the other drugs was vari-
able. Only 19 (11.3%) methicillin-resistant S. aureus strains
(MRSA) were isolated during the study period. More than 95%
of all K. pneumoniae and >87% of H. influenzae were resis-
tant to ampicillin. Almost 50% of E. coli were resistant to
ampicillin and cefuroxime, two agents commonly used to
treat uncomplicated urinary tract infections. Group B strep-
tococci (GBS) were fully susceptible to ampicillin and amox-
icillin—clavulanic acid, but showed 94.7% and 73.7%
resistance to tetracycline and trimethoprim-sulfamethoxa-
zole, respectively. Of the 40 strains of S. pneumoniae iso-
lated, four (10.0%) had MIC of4 mg/mL (resistance) and fiveTable 3 Primary sources of bacterial species isolated from blood
Bacteria Sources/site of bacteremia
RT Urine Skin
Staphylococcus aureus 12 8 27
Pseudomonas aeruginosa 86 6 —
Klebsiella pneumoniae 55 20 —
Enterobacter spp 53 8 2
Haemophilus influenzae 65 — —
Group B streptococci 49 0 0
Streptococcus pneumoniae 40 — —
Escherichia coli 5 10 —
Non-typhoidal salmonella — — —
Acinetobacter spp 15 — —
Citrobacter spp 7 — —
Neisseria meningitidis 6 — —
Others * 5 5 0
Total 398 57 29
RT, respiratory tract; GIT, gastrointestinal tract.
* Others = Proteus mirabilis (3); Providencia spp (5); Serratia marces
(2).(12.5%) had MIC = 2.0 mg/mL (intermediate resistance) to
ceftriaxone, while three (7.5%) showed intermediate resis-
tance (MIC between 0.12 and 1 mg/mL) and 10 (25.0%)
showed resistance (2 mg/mL) to penicillin.
Discussion
Bacterial infections are common among all age groups, but
have a higher morbidity and mortality in children.3,6,8,14 This
study examined the bacterial agents isolated from the blood
of children admitted to the San Fernando General Hospital in
southern Trinidad. Locally, regionally, and internationally, itof children at the San Fernando General Hospital, 1997—2002
Wound GIT Umbilicus Unknown Total
70 19 26 6 168
17 — — — 109
13 0 0 0 88
11 — — 4 78
— — — — 65
0 2 — 6 57
— — — — 40
8 3 — — 26
— 20 — — 20
— — — 3 18
— — — 3 10
— — — — 6
7 0 0 2 19
126 44 26 24 704
cens (2); viridans streptococci (5); enterococci (2); Alcaligenes spp
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Table 4 Susceptibility patterns of bacterial blood isolates from children at the San Fernando General Hospital, 1997—2002
Bacteria N Proportion (%) of bacterial isolates resistant to:
AM AMC E TE SXT CXM CAZ IPM CiP GM VA
Staphylococcus aureus 168 88.7 23.8 42.9 70.8 22.6 NT 12.5 14.9 7.7 17.9 0
Klebsiella pneumoniae 88 95.5 36.4 NT 16.0 8.0 11.4 5.7 0 0 5.7 NT
Enterobacter spp 78 67.9 48.7 NT 19.2 1932 23.1 14.1 0 0 9.0 NT
Pseudomonas aeruginosa 109 NT NT NT NT NT NT 38.5 0 0 23.9 NT
Streptococcus pneumoniae 40 12.5 0 0 30.0 25.0 NT 15.0 0 0 25.0 0
Escherichia coli 26 53.8 38.5 NT 23.1 7.7 42.3 0 0 0 11.5 NT
Group B streptococci 57 0 0 8.8 94.7 73.7 NT NT NT NT NT 0
Haemophilus influenzae 65 87.7 0 0 0 53.8 0 0 0 0 NT NT
Non-typhoidal salmonella 20 35.0 0 NT 50.0 0 0 0 0 0 0 NT
Citrobacter spp 10 30.0 10.0 NT 50.0 50.0 10.0 0 0 0 0 NT
Acinetobacter spp 18 44.4 33.3 NT 0 0 16.7 5.6 5.6 0 11 NT
Neisseria meningitidis 6 0 0 0 0 NT NT NT NT NT NT NT
N = total isolates. NT, not tested; AM, ampicillin; AMC, amoxicillin—clavulanic acid; E, erythromycin; TE, tetracycline; SXT, trimethoprim—
sulfamethoxazole (co-trimoxazole); CXM, cefuroxime; CAZ, ceftazidime; IPM, imipenem; CiP, ciprofloxacin; GM, gentamicin; VA, vanco-
mycin.is important to document the identity of pathogens and their
susceptibility patterns as a means of monitoring resistance
trends and spread, and to formulate infection control mea-
sures and develop antibiotic policies.1,5,19
Agents of true bacteremia were recovered from 8.4% (704
of 8366) of suspected cases of sepsis, a prevalence rate of
2.8% (704/25 300) of all hospitalized children included in the
study. Data would suggest that no significant overlap
occurred between pathogens and contaminants (non-patho-
gens). Those children from whom non-pathogens were iso-
lated recovered without antibiotic therapy. However non-
pathogens can cause infections in some children, especially
those with compromised defenses. One notable example
from a sister institution was the isolation of a diphtheroid
from the superficial wound and blood of two children with
acute lymphoblastic leukemia. Both isolates were multi-
resistant with similar antibiogram and identified as Coryne-
bacterium jeikeium.9
The most frequently isolated pathogen was S. aureus
(23.9%) and this is consistent with the general increase in
Gram-positive infections worldwide. This high prevalence of
infections due to S. aureus is similar to the 28% reported from
Australia,20 but higher than the 7—16% observed in India and
Ethiopia.21,22 Among the Gram-negative isolates, P. aerugi-
nosa, K. pneumoniae, and Enterobacter spp accounted for
63.7% of isolates. This trend showing Gram-negative bacteria
as themajor cause of pediatric bacteremia is in harmony with
reports from China.23 Lower recovery rates of other signifi-
cant pathogens: H. influenzae (9.2%), GBS (8.1%), S. pneu-
moniae (5.7%), and E. coli (3.7%) further contradicts the
findings of other studies that reported these organisms as
the dominant cause of bacteremia in children.1,21 The car-
riage rates of GBS among third trimester women have
remained relatively stable over the years, and infant mor-
tality due to GBS was found to be <5%.24,25 Two previous
reports from this institution revealed that Gram-negative
rods, in particular, P. aeruginosa have been the principal
cause of bacteremia in neonates.13,26
One possible explanation for these findings may be a
breakdown in infection control measures particularly inthe nursery,27 where the overwhelming majority of S. aureus,
P. aeruginosa, K. pneumoniae, and Enterobacter spp infec-
tions were found. The thrust of the Public Health Authorities
in this country, to educate, implement/enforce immuniza-
tion policies aimed at preventable bacterial infections, such
as those due to S. pneumoniae and H. influenzae, may be a
possible explanation for the low levels of recovery of H.
influenzae and S. pneumoniae. Despite this emphasis on
immunization, it is of great concern that only 67.5% and
77.5% of S. pneumoniae strains were fully sensitive to peni-
cillin and ceftriaxone, respectively. Because S. pneumoniae
and H. influenzae are common causes of pediatric infections
as reported in the literature, ceftriaxone or cefotaxime with
an aminoglycoside (e.g. gentamicin) are the drugs empiri-
cally prescribed before culture reports become available,
and are changed or continued when susceptibility profiles
become available. Data from the pharmacy records showed
that ceftriaxone is the most frequently prescribed antibiotic
on the pediatric wards. All cases of bacteremia in children in
this study were monomicrobic, although polymicrobic bac-
teremia has been reported by other investigators.22,28
The antibiotic susceptibility profile indicated multiple
resistances of S. aureus to ampicillin, erythromycin, amox-
icillin—clavulanic acid, and co-trimoxazole. Only 19 (11.3%)
S. aureus strains were methicillin-resistant (MRSA). Methi-
cillin resistance appears to be a growing problem in this
country, increasing from 2% in 1995 to 9.8% in 1999.29,30
The rate of 11.3% MRSA, though low when compared to high
rates reported worldwide, reflects an increasing trend within
the country. The incidence of MRSA is particularly high in
Europe, Asia, and certain parts of the world. In Turkey it was
shown to be between 25 and 80%,31 in Korea 64%,32 and in
North America 33,34 and the Middle East 35,36 rates of 20—50%
and 3—18% have been reported, respectively.
The study showed that the overall prevalence of resis-
tance of significant pediatric blood isolates was very low. This
may be due in part to the frequent communication between
the pediatricians and the microbiologist, and the latter’s
close monitoring of antibiotic usage in the hospital and
involvement in patient care. A previous report from this
150 F.A. Orrett, E. Changoorinstitution revealed that correlating culture and sensitivity
reports with the clinicians’ empiric therapy showed that
about 40% of prescribed antibiotics agreed with the antibio-
gram of the isolated pathogen, and that the pediatric wards
ranked second (21%) in total antimicrobial consumption of all
services.37
In conclusion, the spectrum of pediatric bacteremia as
seen in hospitalized children at the San Fernando General
Hospital confirmed the importance of pathogens such as
S. aureus, K. pneumoniae, Enterobacter spp, P. aeruginosa,
GBS, and E. coli. The resistance profile showed that most
antibiotics are still effective in the management of bacter-
emia and reiterate the need for continued constant monitor-
ing of the antibiogram of bacterial blood isolates. It also
indicates the need to document any change in the trend of
resistance and the importance of instituting prompt selection
of appropriate antibiotics.
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